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Abstract 
The impact of several types of reed-protecting structures on hydro- 
dynamic onditions, ediment properties and littoral water quality 
were investigated. All types of embankment lead to a dissipation of 
wave energy. The embankment with fagots (type 1) shows a limited 
porosity in contrast to the other types examined. All kinds of em- 
bankment enhance the accumulation of organic matter at the 
land/water-interface. Hence, they protect littoral accumulation zones 
from erosion. The embankment with fagots causes changes in sedi- 
ment properties at the seaward side of reed belts. The surface of min- 
eral sediments i  turned into a fine-grained mud, with a high content 
of organic matter. Accelerated sedimentary microbial processes 
(oxygen demand) are produced by increasing nutrient availability 
(carbon, nitrogen). As a result, the O2-saturation of water bodies is 
significantly reduced. This is in contrast to the embankment with 
wooden partitions and palisades (type 2 and 3), which had no signif- 
icant effects on sediment conditions and water quality. The conse- 
quences of changes in type 1-protected reed stands are discussed. 
Practical recommendations aregiven for the further use of reed-pro- 
tecting structures. 
1. Introduction 
Reed belts [Phragmites australis (CAv.) TRIN. ex STEUD.] are 
of general ecological importence as habitat and buffer zone in 
the sense of the "self purification potential" of lakes and 
rivers. Accordingly, the frequent retreat of reed belts consti- 
tutes a serious problem. Many researchers have focused on 
the reasons for the rapid die-back of reed [reviewed by OS- 
TENDORP (1989)]. According to KOHL & NEUHAUS (1993), 
reed clones have insufficient ability to adapt o rapidly chang- 
ing environments, e.g. enhanced nutrient supply, eutrophica- 
tion. As a result, the clones grow generally weak, and are sus- 
ceptible to secondary stress, e.g. mechanical damage or graz- 
ing. Additionally, analysis of reed decline at lakes in Berlin 
and Brandenburg emphasized the role of increasing mechani- 
cal stress (SuKoPP & MARKSTEIN 1989; KRAUSS 1993). 
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In order to protect the remaining reed stands, embank- 
ments can be placed in front of the stands. Recent research 
confirms the positive effects of reed-protecting structures on 
reed (ISELI 1993; KRAUSS 1993). 
However, embankments and palisades entail changing 
flow patterns in the littoral zone. This relationship could 
have negative consequences on sediment conditions and 
water quality. The aim of this study is to evaluate the ecolog- 
ical significance of changes in littoral properties caused by 
reed-protecting structures. 
2. Materials and Methods 
2.1. Study area 
The eutrophic Lake Mtiggelsee is situated in the south-east ofBerlin 
(Germany) as a part of the Spree-Havel-river-system. The geomor- 
phological characteristics, hydrological patterns and information 
about he trophic status have been summarized by DRIESCHER et al. 
(1993). The increasing input of nitrogen and phosphorus in recent 
decades caused araised trophic state. A rapid die-back of reeds could 
be observed at the same time. According to KOHL & KOHL (1992), 
57% of the reed belts disappeared between 1969-1985. The impor- 
tance of eutrophication is unclear. BARTHELMES (1978) and K~HL 
(p.c.) emphasized the role of mechanical damage and grazing 
(muskrat, coots). At the beginning of the 90s, three different types of 
reed-protecting structure were raised in order to protect the remain- 
ing reed belts: embankments with fagots (type 1), embankments 
with wooden partitions (according to GESTER, p.c.; type 2) and pali- 
sades (type 3). 
2.2. Sampling and chemical analysis 
From August 1993 to September 1995, samples were taken monthly 
at 5 protected (1, 3, 5, 7, 8 in Fig. 1) and, as a reference, 4 unprotect- 
ed littoral sites (2, 4, 6, 9). Cores were taken with a hand-driven 
UWITEC®-Corer allowing the recovery of undisturbed sediments. 
Sediment cores were cut into slices, which were used for pore water 
Fig. 1. Map of study sites and reed 
stands at Lake Mtiggelsee (without 
the bay "Die B~inke"). I - embank- 
ment with fagots; II - embankment 
with wooden partitions; I I I -  pali- 
sade. Extension of reed according to 
aerial photographs (published by the 
Senatsverwaltung ftir Stadtentwick- 
lung und Umweltschutz - Berlin, 
1990). 
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collection by extrusion (plus pressure about 50 mm Hg). The pore 
water was filtered through 0.45 ~tm membrane filters (Sartorius®). 
The sediment layers were analyzed for dry weight (d.w.), organic 
matter (by loss on ignition; LOI) and total phosphorus (Ausgew~ihlte 
Methoden der Wasseruntersuchung 1986; ANDERSEN 1976; MUR- 
PHEY & RILEY 1962). 
To determine dissolved H2S und sulphides in the pore water, the 
sediment cores were handled in an argon atmosphere (glove box). 
The amount of total soluble sulphides (]~S ~) in the filtered and, di- 
rectly afterwards, Zn-acetate-fixed pore water, were determined by 
photometric reaction with dimethyl-p-phenylendiamine at 670 nm 
(AusgewO.hlte Methoden der Wasseruntersuchung 1986). The con- 
tent of H2S and HS- can be calculated from the amount of Y~S 2- with 
regard to the dissociation constant k (dependent on temperature) and 
the pH-value. 
Undisturbed sediment cores were incubated at 25 °C (_+ 2) over 
5 days. The concentrations of Y~S 2-, HzS and 02 in the overlying 
water were determined every 24 hours. The volume sampled was re- 
placed by filtered sea water of known composition. The O2-uptake 
and H2S-release rates were calculated from the slope of 02 and ~S 2- 
concentration, respectively, against time, 
Field electrodes (WTW ®) were used for measurements of 02 con- 
centration i  the littoral water and pH. Samples for determination f
sulphides (YS 2-, H2S ) were filtered air-free with 0.45 gm membrane 
filters, fixed with Zn-acetate, and analyzed as described above. The 
current speeds of water at reed-protecting structures were measured 
using a Flow-mate L-2000 ®. 
3. Results 
3.1. Flow patterns on reed-protecting structures 
All three types of reed-protecting structures dissipated wave 
energy by damping the waves and calming the inshore water 
body. Because of the limited porosity of type 1, the water ex- 
change was strongly restrained (Fig. 2). The water streamed 
Fig. 2. Flow patterns ob- 
tained by flow meter mea- 
surements at sites protected 
by wave-damping structures 
(embankment and palisade) 
in Lake Mtiggelsee. 
type 1 (with fagots) 
sediment 
~ ~  shore line 
D 
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exclusively through the unobstructed sides and the openings. 
The embankments of type 2 and 3 showed no significant effect 
on water exchange following hi h porosity. In contrast to type 
1, the water can also flow through the embankment (Fig. 2). 
3.2. Organic matter and total phosphorus in 
sediments 
The analyses of the organic matter (as LOI) und total phos- 
phorus (TP) content of sediments howed a differentiation 
between erosion- and accumulation-dominated littoral sites. 
The latter characteristically had high contents of organic 
substances and TP at the land/water-interface (Fig. 3, accu- 
mulation zone). Seawards and with increasing sediment 
depth, the accumulation of organic matter declined consider- 
ably. The parameter LOI and shore distance showed a strong, 
negative correlation (PEARSON coefficient r -- -0.98; n = 30). 
At the seaward side of reed belt, LOI and TP decreased in 
small concentration ra ges. 
At erosion-dominated sites, the isoplethes of LOI and TP 
varied substantially from those of accumulation zones (Fig. 
3). LOI and TP did not show significant gradients neither in 
the vertical nor in the horizontal direction. The content of or- 
ganic matter and TP did not exceed 2% d.w.. The sedentary 
material (e.g. Phragmites litter) is washed off into accumula- 
tion zones. 
Embankments of type 1 led to different isoplethes. High 
contents of organic matter and TP occurred at the inshore 
side of the reed belt as well as at the zone between its sea- 
ward side and the mbankment. These characteristic features 
can be shown for all type 1-protected stands. The uppermost 
sediment layers near the embankment (0.1-8 m at its inshore 
side) showed significantly higher o ganic matter contents 
connected with lowered mean grain sizes (< 0.1 mm) in rela- 
tion to the reference sites (data not shown). Sediments at 
type 2-protected sites (and type 3; data not shown) revealed 
high contents of organic substances at the land/water-inter- 
face, where accumulation takes place (Fig. 3), decreasing in
seaward and vertical directions. 
3.3. Contents of soluble sulphides in the 
sediment pore water 
Sediments of type 1-protected stands revealed considerably 
higher contents of ~S:- in the interstitial water compared to 
the unprotected reference stands. The concentration profiles 
of HS- and HzS are shown in Fig. 4. The mean concentration 
of ]~S2-in the upper 20 cm sediment layer was 120 btg $2-/1, 
the max value was 192 ~tg $2/1. The vertical gradient showed, 
with the exception of layer 10-15 cm, a decrease with increas- 
ing sediment depth. Because of the low pH (6-6.5), the larger 
amount of ~S 2- existed as HaS. 
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Fig. 3. Characteristic distribution patterns of organic matter (LOI) and totaI phosphorus (TP) contents of sediments in dependence onsedi- 
ment depth and distance to shore at protected and unprotected sites of Lake Mfiggelsee. 
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Fig. 4. Depth profiles of HS- and H2S concentra- 
tion in the sediment pore water at protected and 
unprotected sites of Lake Mfiggelsee (n = 3). 
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In the unprotected sediments the mean concentration of
~]S 2- was 18 ~g $2-/1, the max value was 30 pg $2-/1. As a re- 
sult of higher pH-values (%7.5) about 60% of ~S 2- existed as 
HS-. The vertical concentration gradient showed a small in- 
crease with sediment depth. In both sediment types the pro- 
portionate amount of S 2- was so low as to be negligible. 
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reference site type 1 type 2 palisade 
Fig. 5. Rates of Oz uptake of sediments atprotected and unprotected 
sites of Lake Mtiggelsee; obtained by incubated sediment cores. Sig- 
nificant differences are indicated (n = 3; p < 0.05). 
3.4. Oxygen uptake- and H2S-release rates 
of sediments 
The enhanced supply of organic matter was connected with 
increased oxygen uptake rates of sediments at type 1-protect- 
ed stands. These sediments howed a significantly raised 
mean O2-uptake rate of 610 mg O2/m 2 - d compared to the 
others (Fig. 5). The highest release rates for H2S (and ZS 2-) 
were likewise demonstratet at type 1-protected stands 
(6.5 mg H2S/m 2 • d; data not shown). However, the differ- 
ences in H2S release rate were not significant. Type 2-pro- 
tected stands and the reference stands showed the lowest 
oxygen uptake rates and H2S-release rates. The microcosm 
experiments revealed no significant differences between 
these stands. 
3.5. Water quality 
Embankments of type 1 caused a significantly diminished 
pH (data not shown) and oxygen saturation in the water col- 
umn directly behind the embankment (Fig. 6), but neither 
within the reed belts nor at its inshore side. The mean oxygen 
saturation was 20-30% lower than those measured at refer- 
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Fig. 6. Percentage deviation from the degree of O2 saturation at unprotected sites (= 100 %) in comparison with protected sites at Lake 
Mtiggelsee over the period July 1993 - September 1995. 
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ence stands. The maximal deviation amounted to 54%, oc- 
curring in summer 1995. By way of contrast, the oxygen sat- 
uration and pH at type 2 or 3-protected stands did not show 
significant differences to those at the reference stands (Fig. 
6). There were no significant differences in the concentration 
M 
0 
P 
Fig. 7. Temporal and spatial variation of total soluble sulphide con- 
centration in the littoral water of study site 3 protected by an em- 
bankment with fagots at the west shore of Lake Miiggelsee. 
of ZS 2 and H2S between the protected and the reference 
stands within the vegetation period of 1994. The mean con- 
centration of ~S 2- amounted <40 gg $2-/1, the mean H2S-con- 
centration <5 lag H2S/1. Typical distribution patterns of ZS 2- 
in the littoral water are illustrated in Fig. 7 for a type 
1-protected reed stand. The maximal concentrations of sul- 
phides were measured at the land/water-interface. Statistical 
analyses recorded a significant correlation between ~S2--con - 
centration and the distance to shore (SPEARMAN coefficient 
r = -0.48; n = 340). The annual course was characterized bya 
maximum in June and July and a minimum in August 1994. 
4. Discussion 
The impact of reed-protecting structures on littoral zones are 
summarized in Fig. 8. All three types of embankment cause a 
dissipation of wave energy (wave damping). In this way, the 
embankments lessen the erosion through wind and ship-gen- 
erated wave action. As a result, the Phragmites shoots and 
rhizomes are protected from mechanical damage. Addition- 
ally, erosion involves typical changes of sediment properties 
(CooPs et al. 1991). These processes are also prevented by 
embankments. 
However, embankments with fagots (type 1) show a 
strongly limited porosity producing likely stagnant water 
bodies. As a result 2.5-fold sedimentation rates were deter- 
mined (ROLLETSCHEK & KOHL 1997). Further studies de- 
monstrated a clear relation between the distribution of lit- 
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into the water column 
at the sea-ward site of reed belts: 
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breakwater; low porosity 
deposition of sedentary and sedimentary material at the land/water-interface 
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Fig. 8. General model on the im- 
pact of reed-protecting structures 
on lakesides. 
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toral accumulation zones and the occurrence of embank- 
ments. In general, unprotected reed stands howed interrupt- 
ed accumulation processes and hollowed shore lines, with 
uprooted trees and bushes. However, adjacent reed stands 
with embankments were characterized by progressive accu- 
mulation of reed litter and organogenic sediments at the 
land/water-interface. It is clear, therefore, that embankments 
generally protect reed stands from erosion and preserve/pro- 
duce littoral accumulation zones (Fig. 8). 
The changed sediment properties at type 1-protected 
stands are a consequence of variations in sedimentation pat- 
terns. Directly behind the embankment (a few metres) there 
are deposits of a fine-grained mud with high contents of 
carbon, nitrogen and phosphorus. This correlates with 
lowered redox potentials and a significantly diminished 
penetration depth for nitrate and sulphate ions, leading us to 
the conclusion of strongly intensified nitrate and sulphate 
reduction (ROLLETSCHEK & KI~HL 1997). 
Furthermore, nhanced oxygen uptake rates equivalent to 
microbial reduction processes could be shown. The changing 
sediment properties caused by embankments with fagots 
could have two main consequences for macrophytes: (1) The 
expansion rhizomes of Phragmites (and other geophytes) 
spreading out in the upper sediment layers need a compact 
(silty) substratum. However, the muddy sediments do not 
present possibilities for anchoring of rhizomes. (2) The for- 
mation of muds caused changes in sediment chemistry and 
concentration of toxic compounds. Intensified sulphate re- 
ducing processes are likely connected with enhanced con- 
centrations of sulphides and H2S in the pore water as shown 
in this work. As a result, the growth of macrophytes is ham- 
pered (KocH et al. 1990; WTJCK et al. 1992). 
Furthermore, simultaneously sinking redox potentials con- 
nected with enhanced mobilization of heavy metals und their 
availability for macrophytes have strongly negative impacts 
on their growth (WALLMANN 1992; JACKSON et al. 1993). 
WEISNER & GRANELI (1989) demonstrated that reed at highly 
organically charged stands is significantly more sensitive to 
disturbances in oxygen supply of rhizomes then reed at low 
charged stands. There is evidence, that the cause of these cir- 
cumstances is oxygen stress. Oxygen is needed for oxidation 
of phytotoxic substances (Fe 2+, Mn a+, sulphides etc.), other- 
wise the rhizomes and root tips are damaged [blockade of 
aerenchyma, callus formation; ARMSTRONG et al. (1995), 
F1JRTIG et al. (1996)]. Additionally, the enhanced microbial 
respiration in sediments requires oxygen and produce reduc- 
ing phytotoxic ompounds. There is, therefore, a need for an 
increased oxygen supply to rhizomes and roots, tantamount 
to oxygen stress. Where the oxygen demand exceeds the sup- 
ply, the macrophytes show a curtailed growth or die-back 
(TORNBJERG et al. 1994). Embankments with wooden parti- 
tions and palisades (type 2 and 3) do not show negative im- 
pacts on littoral sediments. 
The type 1-caused variations in sediment properties (mud 
formation) impinge on water quality. The degree of oxygen 
saturation is lowered by 25% (mean) in contrast to the type 2 
or 3-protected stands. The lowest 02 saturation amounted to 
> 30% - according to CmBA (1985) a threshold value for at 
least common carp (Cyprinus carpio). CARSTENSEN & KROPF 
(1994) have demonstrated, that reed-protecting structures in 
general, but especially embankments with fagots, represent a 
preferred substratum for spawn. They found the highest 
spectrum of species to be at type 1-protected sites, and con- 
cluded that these littoral zones produce favourable reproduc- 
tion conditions. In view of these facts, the diminished oxy- 
gen saturation has obviously no negative ffect on fishes. 
The measured ~]S 2- and HzS-concentrations lay at the 
lower range corresponding to the literature (REYNOLDS & 
HAINES 1980; BARK & GOODFELLOW 1985; BAGARINAO 
1992). The mean concentration fZS 2- amounted to < 40 ~tg 
$2-/1, the mean HzS-concentration < 5/ag HzS,q. There is a 
positive, significant correlation between the temperature and 
organic matter content of sediments, respectively, and the 
~S2--concentration in the overlaying water (ROLLETSCHEK 
1996) demonstrating the importance of mineralisation pro- 
cesses in littoral sediments to sulphide release. In contrast to 
Lake Mtiggelsee, sulphide measurements at the River Havel 
showed that reed stands protected by embankments with 
fagots (raised at the beginning of the 80s) reveal significant- 
ly higher ~S ~ concentrations in the water column (ROL- 
LETSCHEK • K1JHL 1997). Additionally, a stronger mud for- 
mation can be observed. Obviously, the time dependence of
sedimentary processes has to be taken into consideration. 
Neither embankments with wooden partitions nor pal- 
isades show significant (negative) effects on water quality 
and sediment conditions. Hence, they should be preferred for 
intended protection measures. 
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